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(57) Abstract 

The invention refers to a nuclear reactor device 
and a method of constructing a nuclear reactor device. 
The device comprises a reactor containment (1), formed 
by a first wall member (2) defining an inner space (3), 
and a reactor vessel (6), housing a reactor core (7) and 
being provided in the inner space (3). Furthermore, the 
device comprises an upper space (10) provided above the 
reactor containment (1) and denned by a second wall 
member (11). The first wall member (2) and the second 
wall member (11) have, seen in a horizontal section, an 
essentially identical cross-sectional shape and form an 
essentially common cylinder. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Ft 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


All 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


Gil 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 
Burkina Faso 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Isiael 


MK 


Mauritania 


UG 


Uganda 


BY 


.Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra) African Republic 


JP 


Japan 


NR 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


ci 


Cdte d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/48428 



PCT/SE98/00721 



. Title: 

A nuclear reactor device and a method to construct a 
nuclear reactor device 

THE BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention refers to a nuclear reactor device 
10 comprising a reactor containment, formed by a first wall 
member and enclosing an inner space, a reactor vessel 
housing a reactor core and being provided in the inner 
space, and an upper space provided above the reactor 
containment and defined by a second wall member. Such a 
15 nuclear reactor device is disclosed in US-A-5 201 161. The 
invention also refers to a method of constructing a nuclear 
reactor device, comprising the steps of casting a first wall 
member defining an inner space of a reactor containment 
intended to comprise a reactor vessel to be provided in the 
20 inner space and house a reactor core, and providing a second 
wall member defining an upper space above the reactor 
containment . 

The fuel in the reactor core in such nuclear reactor devices 
25 needs to be regularly replaced by new fuel or to be 
displaced in the core. In order to perform this work, the 
reactor vessel is open and internal parts are removed 
therefrom, whereafter the fuel may be lifted out of the 
reactor vessel. The fuel as well as the internal parts are 
30 highly radioactive so that all handling has to be performed 
under water functioning as a radiation shield and also as 
cooling medium. In order to enable short fuel replacement 
period, the fuel and the internal parts are temporarily 
stored in water-filled pools provided in an upper space 
35 located above the reactor containment in the so called 
reactor building. Traditionally, these pools have been 
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designed with a rectangular or square cross-section. The 
handling of the fuel, the internal parts and other equipment 
is performed by means of a fuel handling apparatus and 
overhead cranes which may be manoeuvred in a rectangular co- 
5 ordinate system and move the fuel, the internal parts and 
the other equipment between different pools and between the 
pools and the reactor vessel. 

It is known to design the reactor containment with a 
10 circular cylindrical cross-section seen in a horizontal 
section. Such a shape is advantageous from a strength point 
of view and permits to subject the reactor containment to an 
overpressure in case of pipe breakage accidents or severe 
accidents and also for sub-pressures, which may arise in 
15 certain accident situations. 

The combination of the rectangular or square upper space for 
said pools and the circular cylindrical reactor containment 
located thereunder, is a technical and time-consuming 

20 difficulty during design and construction of nuclear power 
devices of the type defined above. The transition from a 
circular cylindrical section to a square section involves an 
interruption of the construction work and new equipment must 
be supplied before the construction of the walls of the 

25 upper space. From a design point of view, it is furthermore 
difficult to manage the strength requirements without 
increasing, to greater expenses, the dimensions of the wall 
members defining the upper space and the pools enclosed 
therein . 

30 

JP-A-5 107 381 discloses a reactor containment consisting of 
six modules, defining a lower space having a reactor, and of 
three modules, which seem to define an upper space. The 
lower space has a square cross-section shape whereas the 
35 upper space has a rectangular cross-section shape. 
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SUMMARY OF THE INVENTION 

The object of the present invention is to simplify the 
construction of a nuclear reactor device of the type defined 
5 above and thereby reduce the construction time thereof. 

This object is obtained by the nuclear reactor device 
initially defined and characterized in that the first wall 
member and second wall member have, seen in a horizontal 

0 section, an essentially identical cross-section shape and 
form an essentially common cylinder. By such a design of the 
wall members for the reactor containment and the upper space 
located thereabove, these wall members may be manufactured 
at one go immediately after each other. It means that the 

5 same equipment and the same form may be utilized for both 
wall members. Consequently, it is possible to reduce the 
construction time necessary and in such a manner reduce the 
construction expenses. In accordance with the invention, 
said essentially common cylinder may have an arbitrary 

0 cross-sectional shape; for instance it may be circular, 
elliptic, oval, square, rectangular. 

According to an embodiment of the invention, said cross- 
sectional shape is essentially circular cylindrical. Such a 

5 shape has a high strength and may therefore carry large 
loads and stand large pressure changes. It means that the 
design and the construction of the wall member surrounding 
the upper space may be simplified in comparison with 
previously known technique according to which the upper 

0 space was surrounded by a rectangular wall member. 

According to a further embodiment of the invention, the 
first wall member and the second wall member are cast in a 
continuous piece by means of sliding form casting. Such a 
5 sliding form casting is known per se and enables a very 
short time of construction. Since the both wall members have 
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essentially the same cross-sectional shape, one and the same 
sliding form may be utilized for the complete casting 
operation. Advantageously, the first wall member and the 
second wall member are cast in concrete with reinforcement 
5 members provided in the concrete, which comprise tightening 
members arranged to enable a prestressing of said wall 
member. Said tightening members may extend in the second 
wall member, at least in one of the directions about the 
upper space and along the upper space. 



According to a further embodiment of the invention, at least 
the second wall member comprises a wall coating provided 
onto the inner side thereof. Such a wall coating, which 
advantageously may be made of stainless steel, may function 

15 as a protection for the concrete against water present in 
the upper space. The wall coating may advantageously 
together with the reinforcement members be mounted together 
in advance to module blocks which are lifted to a position 
when the sliding form casting has reached a suitable level 

20 and thus before the casting proper of the upper wall member 
is performed. Thereby, the wall coating may function as a 
limiting wall of the form, i.e. it is sufficient that the 
outer form wall is sliding. 

25 According to a further embodiment of the invention, the 
upper space is divided in part spaces by means of at least 
one primary wall element extending between two separated 
attachment portions of the second wall member. Such part 
spaces may form water-filled pools for fuel, internal parts 

30 from the reactor vessel and other equipment. Advantageously, 
there are two primary wall elements which are separated from 
each other and which each extends between two separated 
attachment portions of the second wall member, and 
furthermore two secondary wall elements, which extend 

35 between the two primary wall elements and which between 
themselves and together with the primary wall elements form 
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an isolated part space, which may be located above a cover 
device of a separating wall separating the upper space from 
the inner space. Moreover, such primary wall elements 
function as load-absorbing elements in case of an 
overpressure in the reactor containment. 

According to a further embodiment of the invention, door 
members are arranged to provide a passage between at least 
two of said part spaces. This embodiment enables a simple 
transport of fuel and internal parts from the reactor vessel 
through the isolated space and into further part spaces 
located outside the isolated space. By such short transport 
ways, the time consumption during fuel replacement and 
revision may be maintained at a low level. 

The object stated above is also obtained by the method 
initially defined and characterized in that the first wall 
member and the second wall member are cast by means of an 
essentially common form being lifted upwardly during the 
course of the casting process. By such a casting technique, 
it is thus possible to cast both the wall members at one go 
in a significantly shorter period of time than according to 
the art previously known. Advantageously, said form 
comprises a sliding form. 

According to an embodiment of the inventive method, the 
casting of the second wall member is preceded by the lifting 
to a position of prepared blocks comprising reinforcement: 
members and an inner wall coating. Such blocks may 
advantageously be manufactured at the same time as the 
casting of the first wall member is performed and in such a 
manner the total time consumption may be kept on a low 
level . 



35 



According to a further embodiment of the inventive method, 
tightening members are provided during the course of the 
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casting process in said wall member in such a manner that 
they extend in at least one of the directions about said 
spaces and along said spaces, and after the casting process 
the tightening members are tightened in order to prestress 
5 said wall member. Thereby, the tightening members may be 
provided in tubes provided in said wall member. After or in 
connection with said tightening, concrete may be injected 
into said tubes. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is now to be explained more closely by 
means of different embodiments, which are disclosed merely 
by way of example, and with reference to the drawings 
attached . 

Fig 1 discloses a view from above of a nuclear reactor 

device according to an embodiment of the invention. 
Fig 2 discloses a section through the nuclear reactor 
device along a line II-II in Fig 1. 

DETAILED DESCRIPTION OF DIFFERENT EMBODIMENTS 

Figs 1 and 2 disclose schematically a nuclear reactor device 
according to the present invention. The device comprises a 
25 reactor containment 1 formed by a first essentially circular 
cylindrical wall member 2 enclosing and defining an inner 
space 3. The inner space 3 comprises an upper primary space 
and a lower secondary space, which are separated from each 
other by means of an essentially horizontal intermediate 
30 wall 4, which in its central part forms a cavity 5 extending 
downwardly from the primary space and housing a reactor 
vessel 6 in which a reactor core 7 is provided. Through the 
primary space of the inner space 3, a steam conduit, not 
disclosed, extends out of the reactor containment to a steam 
35 turbine plant. From the turbine plant, a feed water conduit, 
not disclosed, extends back through the reactor containment 
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1 and the primary space to the reactor vessel 6. The primary 
space of the inner space 3 is connected to the secondary 
- space via a number of vertical channels 8. The secondary 
space of the inner space 3 comprises a so-called 
5 condensation pool comprising water for cooling and for the 
condensation of steam from the primary space. 

The reactor containment 1 is delimited upwardly by an 
essentially horizontal separating wall 9 forming a bottom in 

10 an upper space 10 provided above the reactor containment 1. 
The upper space 10 is delimited and defined by a second 
essentially circular cylindrical wall member 11 forming a 
continuing part of the first wall member 2. This means that 
the first wall member and the second wall member have an 

15 essentially identical cross-sectional shape seen in a 
horizontal section and are essentially concentric to each 
other . 

As appears from Fig 1, the upper space 10 is divided into 

20 five part spaces 12, 13, 14, 15, 16. This division is made 
by means of two primary wall elements 17 being essentially 
parallel to each other and extending between two respective 
separated attachment portions of the inner surface of the 
second wall member 11. Between these two wall elements 17, 

25 two secondary wall elements 18 being essentially parallel to 
each other extend. Between the two secondary wall elements 
18 and the two primary wall elements 17, the part space 12, 
forming a central part space isolated from the other part 
space 13-16, is enclosed. The central part space 12 is 

30 located above a dome-shaped cover member 19 which may be 
removed and thereby uncover the reactor vessel 6 which in 
turn comprises, at its upper end, a dome-shaped cover member 
20 which may be removed in order to uncover the interior of 
the reactor vessel 6. The central part space 12 is connected 

35 to each of the other part spaces 13-16 via a respective 
passage 21, which may comprise an openable door member 22. 
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Furthermore, the nuclear reactor device comprises a traverse 
device 23 which is movable on two rails 24 carried by a 
schematically indicated base 25 attached to the wall element 
5 11. The traverse device 23 comprises a schematically 
disclosed fuel replacement apparatus and a lifting device 
26, which is movable along the traverse device 23. The cover 
members 19 and 20 are lifted by means of a larger, not 
disclosed reactor building traverse device and are 

10 positioned in the reactor building outside the upper space 
10. Thereafter, internal parts, such as for instance steam 
separators, may be lifted out of the reactor vessel 6 and 
positioned in for instance the part space 13. By means of 
the fuel replacement apparatus and the lifting device 26, 

15 the fuel rods may thereafter be lifted out of the reactor 6 
and positioned in for instance the part space 14 . Thereby, 
the door member 22, separating the part space 14 from the 
central part space 12, has been removed by means of the fuel 
replacement apparatus and the lifting device 26. It is to be 

20 noted that the part spaces 12-16 form water-filled pools, 
enabling the performance of said handling of the fuel and 
internal parts in such a manner that these always are 
located under water. The passage 21 in the fuel pool, in the 
example disclosed the part space 14, has such a depth that 

25 the fuel always is located in a radiation-protecting manner 
under the water surface during the passage to and from the 
part space 14. Furthermore, the part space 14 has such a 
depth that an upper edge of the fuel which has been placed 
in the part space 14 always is located below the lower edge 

30 of the passage 21. As a part of the pools 13, 15 and 16, a 
separate emergency cooling pool may be housed, which is 
utilized during cooling of the core in the reactor vessel 
and/or during cooling of the condensation pool. 

35 The first wall member 2, the second wall member 11, the 
intermediate wall 4 and the separating wall 9 as well as a 
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bottom wall 27 of the reactor containment 1 are all 
manufactured in concrete. The inner surfaces, forming pools 
and thus being subjected to water, are provided with a wall 
coating 21 which is indicated in Fig 2 by means of somewhat 
5 thicker lines and which may be manufactured in any 
corrosion-resistant material as for instance stainless 
steel . 

The first wall member 2 and the second wall member 11 may in 

10 accordance with the present invention be manufactured by so 
called sliding form casting. It means that a form having an 
inner limiting wall and an outer limiting wall slowly is 
moved upwardly from the bottom wall 27 of the reactor 
containment 1 during a continuous supply of concrete. The 

15 lifting speed is so slow that the concrete provided inside 
the form has time to solidify during the time period of the 
movement of the sliding form from the position where the 
concrete was supplied. In such a manner, the first wall 
member 2 and the second wall member 11 may both be cast at 

20 one go in one single continuous casting process. In the wall 
members 2, II, relatively large quantities of reinforcement 
bars, which are not disclosed in Figs 1 and 2, are 
contained. The vertical wall coating 28 of the second wall 
member 11 and the reinforcement intended for the second wall 

25 member 11 may advantageously be produced in advance in 
blocks, which are lifted to a position prior to the 
performance of the casting proper. Furthermore, tightening 
members 29 and 30 are provided in the wall members 2, 11 in 
such a manner that they extend essentially vertically along 

30 and about the upper space 10 and the inner space 3. The 
tightening members 29 and 30 are provided in tubes 31, which 
are cast within the concrete. For each round, two tubes 31 
are provided, which extend over a respective semiround or a 
pipe extending around the complete round. Likewise, for each 

35 round tightening members 30 are provided, one in each tube 
31. The tightening members 30 are tightened by means of 
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schematically disclosed tightening devices 32 provided 
diametrically opposite to each other. The * tightening takes 
place after the solidification of the concrete and involves 
a prestressing of the wall elements 2, 11 in such a manner 
5 that they may resist larger forces. Tightening devices (not 
disclosed) similar to the tightening devices 32 are provided 
for the vertical tightening members 29. It is also possible 
to let the tubes 31 form parts of said blocks. 

10 In order to further simplify the casting process, one may- 
let the wall coatings 28 form the inner limiting wall of the 
casting form, which means that merely one sliding outer 
limiting wall needs to be provided, at least for the part of 
the wall members 2, 11 which are provided with wall coatings 



The disclosed embodiment of the primary wall elements 17, as 
horizontal beams, leads to an improved strength of the 
second wall member 11. They will also contribute to the 
20 support of the forces from the separating wall 9 at an 
overpressure in the reactor containment 1 and in such a 
manner increase the strength of the reactor containment 1 . 

The invention is not limited to the embodiments disclosed 
25 herein but may be varied and modified within the scope of 
the following claims. For instance, it is to be noted that 
the wall elements 17 and 18 may have another extension than 
the one disclosed. It is for instance possible to provide a 
circular cylindrical wall element surrounding the dome- 
30 shaped cover member 19 and to provide radially extending 
wall elements between the wall member 11 and such an inner' 
circular cylindrical wall element. The rails of the traverse 
device may be provided in another manner, for instance they 
may lie on the upper edge side of the primary wall elements 
35 17 or be provided as a rail located on the upper edge side 
of the other wall element 11, the movement of the fuel 
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replacement apparatus and the lifting device 26 being 
performed by means of polar co-ordinates. 



WO 98/48428 



PCTYSE98/00721 



12 



Claims 



1. 



A nuclear reactor device comprising: 
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15 



20 



25 



30 



a reactor containment (1), formed by a first wall 
member (2) defining an inner space (3), 

a reactor vessel (6), housing a reactor core (7) and 
being provided in the inner space (3), and 

an upper space (10) provided above the reactor 
containment (1) and defined by a second wall member (11), 
characterized in that the first wall member (2) and the 
second wall member (11) have, seen in a horizontal section, 
an essentially identical cross-sectional shape and form an 
essentially common cylinder. 

2. A nuclear reactor device according to claim 1, 
characterized in that said cross-sectional shape is 
essentially circular. 

3. A nuclear reactor device according to claim 2, 
characterized in that the first wall member (2) and the 
second wall member (11) are cast in a continuous piece by 
means of sliding form casting. 

4. A nuclear reactor device according to claim 3, 
characterized in that the first wall member (2) and the 
second wall (11) are cast in concrete with reinforcement 
members (29, 30) provided in the concrete and comprising 
tightening members (30) arranged to enable a biasing of said 
wall members (2, 11) . 

5. A nuclear reactor device according to claim 4, 
characterized in that said tightening members (29) extend in 
the second wall member (11) at least in one of the 
directions about the upper space (10) and along the upper 
space (10) . 
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6. A nuclear reactor device according to any one of the 
preceding claims, characterized in that at least the second 
wall member (11) comprises a wall coating (28) provided onto 
the inner side. 

5 

7. A nuclear reactor device according to any one of the 
preceding claims, characterized in that the upper space (10) 
is divided into part spaces (12 - 16) by means of at least 
one primary wall element (17) extending between two 

10 separated attachment portions of the second wall member 
(11) . 

8. A nuclear reactor device according to claim 7, 
characterized by two primary wall elements (17) separated 

15 from each other and each extending berween two separated 
attachment portions of the second wall member (11) . 

9. A nuclear reactor device according to claim 8, 
characterized in that the two primary wall elements (17) are 

20 essentially parallel to each other. 

10. A nuclear reactor device according to any one of claims 
8 and 9, characterized by two secondary wall elements (18) 
which extend between the two primary wall elements (1,7) and 

25 which between themselves and together with the primary wall 
elements (17) form an isolated part space (12) . 

11. A nuclear reactor device according to claim 10, 
characterized in that the isolated part space (12) is 

30 located above a cover device (19) of a separating wall (9) 
separating the upper space (10) from the inner space (3) . 

12. A nuclear reactor device according to any one of the 
preceding claims, characterized by door members (22) 

35 arranged to provide a passage (21) between at least two of 
said part spaces (12 - 16) . 
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13. A method of constructing a nuclear* reactor device, 
comprising the steps of: 

- casting a first wall member defining an inner space of a 
5 reactor containment intended to comprise a reactor vessel to 

be arranged in the inner space and housing a reactor core, 
and 

- providing a second wall member defining an upper space 
above the reactor containment, characterized in that the 

10 first wall member and rhe second wall member are cast by 
means of an essentially common form being lifted upwardly 
during the course of the casting process. 

14. A method according to claim 13, characterized in that 
15 the said form comprises a sliding form. 

15. A method according to any one of claims 13 and 14, 
characterized in that the casting of the second wall member 
is preceded by the lifting to a position of prepared blocks 

20 comprising reinforcement members and an inner wall coating. 

16. A method according to claim 15, characterized in that 
the during the course of the casting process tightening 
members are provided in said wall member in such a manner 

25 that they extend in at least one of the directions about 
said spaces and along said spaces, and that the tightening 
members after the casting process are tightened to prestress 
said wall member. 

30 17. A method according to claim 16, characterized in that 
the tightening members are provided in tubes provided in 
said wall member. 



35 



18. A method according to claim 17, characterized in that 
after or in connection with said tightening concrete is 
injected into said tubes. 
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